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COMPUTATION OF THE LONG RANGE MOTION
OF A LUNAR SATELLITE

by

Isabella J. Cole

%0
SUMMARY

Formulae for long periodic perturbations depending on the argument
of the pericenter are derived by the method of Harmonic Analysis and
with Elliptic Integrals.

257

An approximation of the terms of the Energy Integral that are de-
pendent on the oblateness was used in the solution with Elliptic Integrals.




LIST OF SYMBOLS

semimajor axis of the satellite's orbit = L2/4.

mean radius of the moon (.1738 decamegametres).

2
1.5

L2

eccentricity of the satellite's orbit =

LV1 - e?

argument of pericenter of the satellite.
longitude of the ascending node of the lunar satellite.
Gcos i

inclination of the satellite's orbit plane to the moon's equatorial plane
cos'H/G

principal part of the oblateness of the moon (2.41 X 107%).

2
3n¢

8¢en

3 2 2

ry J2 b“n

mean anomaly of the lunar satellite.

Va

mean motion of the satellite = p2/L3.

mean motion of the moon's mean anomaly = 2.2802713 % 1073 (radius/centiday).

mean motion of the moon's mean longitude = 2.2997150 X 1073 (radians/centiday).

vi




¢ = ratio of the sum of the masses of the earth and the moon to the mass of the
earth = 1.0123001.

u = gravitational constant times the mass of the moon = 3.6601891 X 10”3 (deca-
megametres? /centiday?).

©
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COMPUTATION OF THE LONG RANGE MOTION
OF A LUNAR SATELLITE

INTRODUCTION
In this paper formulae for df/dt, dh/dt, £ and h that were derived by:

1. The method of Harmonic Analysis and

2. With Elliptic Integrals
are presented.

To preserve the continuity of the presentation the formula for g, 7»? and
dg/dt from reference 1 are also given. In the solution with Elliptic Integrals
formulae for d{f/dt,dh/dt anddg /dt are presented from reference 3.

THE HARMONIC ANALYSIS METHOD

The Harmonic Analysis Method is presented for the computation of the long
range motion of a Lunar Satellite. The procedure, as outlined below, is well
adapted to high speed digital computers and attempts to reduce the amount of

labor involved in the computation.

a. Derivation of n? as a Cosine Series

The Hamiltonian, F is given by

F:F0+F1+F2 (1)
where
FooM
0 L3
Fi :H;H




[ Ve
F, = LKIL{(S - 377 <
)cos 2g}

2

One seeks now an approximation for 1 /73 (dependent on the value of e?) so

+15(1 - %) <

1 . —

2
£_1> .
2

2K, ( 3H?

G2

1 -2

):c

that one has a quadratic in e?. The truncated binomial expansion of 1/7* <s

(1 + (3/2)e? +(15/8)e*). However, a better approximation for 1/n3 is (1 + (3/2)e?

+ 2e*). The following table compares this approximation, the actual value of
1/7* and the binomial expansion of 1/7®. This approximation was derived

empirically and is accurate for 0 < e < .5. Figure 1 is a graph of these values.
Error is defined as actual value/approximate value.

Author's

Binomial

€ 1/ Approximation Error Expansion Error

0 1 1 1 1 1

.1 | 1.0151897 1.0152 .99998985 | 1.0151875 | 1.0000022
.2 | 1.0631466 1.0632 .99994977 | 1.063 1.0001379
.3 | 1.1519614 1.1512 1.0006614 1.1501875 | 1.0051420
4 1 1.2989160° 1.2912 1.0059758 1.288 1.0084752
.5 | 1.5396007 1.5 1.0264005 1.492 1.0319040

If one approximates 1/7° by (1 + (3/2)e? + 2e*) and substitutes (1 - e?) for

n? then (neglecting powers of e greater than 4) one has:

et {3K,L -K, (1 -12 2y - 15K,L (1 - 1?) cos 2g}

+e? {(KL+K) (902 -1) 4+ 15K L(1 - v?) cos 2g + C}

+ {2(K,L +K,)) (3»* - 1) -C} = 0.

where C is the value of F2 with initial conditions.




1/m% AND SOME APPROXIMATIONS OF 1/x3
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Figure 1—Comparison of 1/73 With Some Approximations of 1/7°




r , \
K,L H2
C=6 T(2+3eg) 3-(';‘2—-1 +
0

K, 3H? H2
+ -1 )+ (5/2)KLel [1-— )cos2g (3
3(1 - 32 \ G2 G;

In equation (2) let 2g take 5 values such that 0 < 2g< 7; i.e. for example 0, _
/4, m/2, 31/4, m. One then has 5 quadratics in e?.

Using the initial conditions of L, G,H and the relationship v = H/L compute
a, 8, and v where

a = coefficient of ¢4 term of equation (2)

2

B = coefficient of e* term of equation (2)

y = coefficient of e? term of equation (2).

Solve for 7? using the relationship

(4)
and choosing the sign so that 0 < »? < 1.

Assume that 72 can be represented as a cosine series

i=n

E m, cos 2i¢g

i=0

ie. 7= m, + M cos 2g +m, cos 4g +m, cos 6g

+m, cos 8g (forn =4). (5)




Next, construct a 5 X 6 matrix of this shape

To =M M  +MWy +My  + M,
2 _

=My + .Sml -.5m2-m3-.5m‘
Ug:mo —m2 +m4
2 _

ns_mo-.Sml-.szJ,ms- Sm,
772—m -m +mM, -m +Mm
4 =% 1 2 3 4

Solve for m, . . . m, using these relationships.

m,

ml:

m3_

_ .2
M, =7

/ (3 +'f)§) (T)f +'f}§)

6 3

1
g(n?, -3+t -2

R ARG ERA

6 3

- My + My

(6)

These values of m, . . . m, are the coefficients of the cosine series that was

assumed in equation (5).

b. The Angular Variables

-

Using the Delaunay set of canonical variables (L,G, H, 4, g,h) the equations

of motion for the angular variables become:




2 2
%:'_a%f: K 7 [(5_7’_1>+5<1__”_>c052g
t - -
K 2
2 (123 > (8)
Lyt 7?
It should be noted that there is the possibility that in certain instances
2 2 K 2
K, 7 S -1} 45 (1% >cos2g S— 1—23—
,)74 774 LT)4 2

so that dg/dt will be zero and dt/dg will be undefined.

ook | K1 (10K 2
dt = oL = L _3

7 3 L3

+3Kl 7/2> -K1 7”? - SKl (2 + v?) cos 2g +

2
3K2 v
L

1 2 cos 2¢g
-t IOKIV -

77S 772

+ SKl n? cos 2g +

. (9)
o

o -1 (10)
L 2 L

c. g as a function of time, t.

Using the values of n? obtained from equation (2) compute from equation (8)

de 1
dg_gg_
dt




Assume that dt/dg can be represented as a cosine series

i=n
Z p, cos 2ig
i=0
ie.
ic-:p +p, cos 2g + p, cos 4g + p, cos 6g + p, cos 8¢ (11)
dg Pot P 2 3 4

Construct a matrix of the same shape and size as the one described as
equations (6) under the section Derivation of »? as a Cosine Series, i.e. let P, =
m, and solve for P, - - - P, using the relationships given in equation (7).

Integrate dt /dg to get

P P
g:Lt— sin 2g - 2 sin 4g - 3 sin 6g - sin 8¢
Po Py Py 6p, Py
or
P P P, .
g:-l—t _—-l—— p, sin 2¢g +——2 sin 4g +—2sin 6g +— sin Bg] (12)
po 2p0 2 3 4

Note that g has the holonomic shape, i.e. g can be expressed in terms of time
and f(g) asg=7¢g + 8f(g) where g is a function of time, t and § is a small

constant = -1/ 2p,- Equation (12), therefore, can be solved so as to express g

in terms of § and g. (It is assumed that g, f (g) and their derivatives are con-
tinuous functions). Rewrite g as

g=-g +qsin2g+rsindg +c sin 6g + d sin 8g.- (13)

with

ol
It
'UIH
~+

[~]




9=
2p0
P
x‘:——2
4p0
c:_.&_
6p0
g-._2s
8p0
Then
g=¢g+ q+A E sin 2
= —+—= n
276 &
+<r+§+-l-)- sin 4
276 &
M
+ <C +%—+F> sin 6¢
. (a %%) cin 83 (14)
where

A=-2(qr + rc + cd)

B = 2(q? - 2qc - 2rd)

J =6q(r -d)

D = 4(2qc + r?)




3 2 2
E=6 {—92—-— rlq - ¢2q - d¥q __r_2£ - rcd +9§£ + qrd}

2 3 2
P--24 {qrc +qdc +@%r + re? +rd2-q.7cl+.%+.c_§9.}

2 3 3
M=-54 (r2c+rcd+9—;—+d2c +qdr —96—-+q2c +52—)

N=-48(-rq? 4 2qrc 4+ 2r2d + re? 4 2q2d +d? 5 2dc?)

d. df/dt and dh/dt as Cosine Series

Let g,(equation (13)) be such that 0 < g < 5 i.e. for example 0, 7/4, 7/2,
37/4, = successively and compute g and cos 2g using equation (14). Assume
that cos 2g can be written as the sum of a cosine series

i=n
E ¢i cos 2i¢g

to get

cos 2g = ¢, + ¢, cos 2§ + ¢, cos 4g + ¢; cos 6g + ¢, cos 8g (15)

Solve for ¢, . .., using the procedure described under Derivation of »? as
a cosine series. Compute 1/13, 7% cos 2g, 1/5°, 1/72, and cos (2g/7?) using the re-
sults from equations (2) and (14). Assume that 1 /7, 1/7%, 7* cos 2g, and
cos 2g/7?) can be written as a cosine series.

For example:

It
o

<

vk ok, 1k Lk,

=k, + 5k, -5k, -k, - .5k,

A= sh-



_2: 0 _k2 +k4

Ty

1

_2_.:k0 - .Sk1 - .Sk2 +k3 - .Sk4

3

1

_2:11:0 _k1 +k2_k3 +k4

Ia

from which

1 1 1 1
=) (Tt

k 770 774 Tll 773

0o~ 6 + 3

4 0 2
@
2 i®n
cos . —
& = t. cos 2ig
?
i=0
i=n
_1_ = k. cos 2ig
2 1
K =0
i=n
_1_ = o, cos2ig
3 1
K i=0

10




Now if one takes

and

with

i=n

_1._ - p; cos 2ig
. 2 :

i=0

i=pn

7 cos 2¢g = E g, cos 2ig

i=0

ﬁ: ¢-L+r+Hn2+Ac052g+E'l—
dt 773 7,5

+ ¥ C0522g - 5I17% cos 2g -‘P'l_2
Ui 7

dh = {F-L+GL- (3] --l_cos 2¢g

dt P 7
+A +0cos 2g}
K
2
¢--_=
L
10K 2
Y = < +i+3K1V2>
L3
I=-K

11

(16)

(17




then

i=n

g—/g: o Z o, cos 2ig + Y

i=0

i=n
m, cos 2ig + A E ¢, cos 2ig
i=0

i=0
i=n i=n
+ B p, cos 2ig + ¥ E t, cos 2ig
i=0 i=0
i=n i=n
-~ 5I1 E 6, cos 2ig - ¥ E k, cos 2ig (18)
i=0 i=0
dh i=n in
T r p, cos 2ig + O E k, cos 2ig
i=0 i=0
i=n 1=n (19)
+A+0 E ¢, cos 2ig - O E ¢; cos 2ig
i70 i=0

Substituting the series in equations (18) and (19) yields the following expres-
sions for d{/dt anddh/dt

12




dt

Tt =W, + W, cos2g + W, cos 4g + W, cos 6g + W, cos 8¢ (20)
and

3}: V, +V, cos2g + V, cos 4g + V, cos 6§ + V, cos 8% (21)
with

Wo=(Poy +11(my - 560) + 8¢, + Epy + ¥(ey -k)) + Y
W, = (Qo, +11(m -56) + Ay + Ep; + ¥(¢; k)
W, = (0o, +I1(m, - 55,) + 8¢, + Ep, + ¥(¢, - k,))
W, = (®o, +11(m, - 56,) + O, + Hoy + ¥(e, - k)

W, = (@0, +T1(m, - 56,) + 8¢, +Ep, + ¥(ey k)

Vo =(Tpy +8(ky + ¢y - ¢) + A

Vi =Tp +8(k; + ¢ =)

V2 :(rp2 +@(k2+¢’2-t2))
V3: (I_'p3+®(k3+q53—z3))
V4 :(r‘p4+@)(k4+¢4—l4))

e. Derivationof £ and h

4 and h are obtained by integrating equations (20) and (21) using these

relationships
Jf( )dt _Jf(_) dg

13



let

then
d4 _
4 = el
Po J(dt)
dh —
h = il
Po J(dt)
or
w w
=Wy, t +p, {?1 sin 2_g—+-4—2 sin 4g
w W
+ 2 sin 6 + 4 sin sg} (22)
and Woo = Wop,
v, .
h=V tip, -2—51n 2% +
vV, . _ Y \A
+— sin 4g +?sin 6E+§—sin 8g (23)
Voo = VoPo

THE SOLUTION WITH ELLIPTIC INTEGRALS

From equation (1) and the definition of the Delaunay variables one has

2

dn _1 dG _1 dF _ 5K, (1 - %) (1_3_
_,72

) sin 2g (24)

dt T dt T 3g

and from equation (3) with H2/G? = ,2/2

14




2K 2
C- {KIL(2+3e2) 3y 2 <3L-1>
7 7 A7

2
+15KIL(1-772) <1-Z;) cos 2g} (25)
n

from which one finds

2
2 (1-3_”_> L (2 4 367 ( _ze_)+_9
773KL 772 ,,72 KL

cos 2g = ! (26)

15(1 - 1) ( -”_Z)

i
Substituting this relationship in equation (24) and using

sin 2g = t V1 - cos? 2g

dn? dn?dn dn
—_— s = 2 —
dt ~ dndt "4t
one has
2
‘% =277 =+ 10K, (1 -7 (n? - v?) 1 A cos? 2¢g (27)
]

now letting 72 = (values of 72 forg= 0) = A

KL ' 2K,
C=—_ (5—377;2) 32 - 7)) + p (312 —7]1)
us K, L7
+15 (1 - nf) (72 - v?) (28)
and
2K, 2 C772-”
—+—/225(1 -m2(7? - - |=— (77 31,2)___ +(5-37%) (?-312) +g
1 "7
| (29)

15



when 1/73 is approximated by (1 + (3/2)e? + 2e*) and equation (29) is expanded
Ui
(neglecting powers of e greater than 8) using the relationships

772 =1 e2
and
dn? _dn®  de? _  de?
dt ge2 dt  dt
then
a2 der | 2K /Ees L Aed tAyet 1A el 4 A
L S p—
dt dt 3 (1 - e2)
with
2 2 8K2 K2
A, = 225 - —= (1-12v) -3) +——= (1-9%) (==
1 1 1

K
- {450@2-1)_2 <—4(1-3v2) <'ﬁiL +1> __%%
1 1

>
[

+

>
l

>
1

) 1 (1-9,2) - & X0 120
KL " - "KL |KL T -

K
2 2 2C 2 _ 2y _

2 c |?
[(1_91/ L 1> -K—IL:] }

K
202 -3y (22 ,1) . &
I:( v <K1L+ XL
2
K
C
-2 21 -3 (=X ;11 .
|:( V)<KL+>+K1L}

16

I |
~~
[y
[}
O
<
N
~’
N
B
-

(30)



Let e2 = y and using the binomial expansion of

1
1-e2

=l+y+y2+y? 4yt

dy/dt becomes (neglecting powers of y greater than 4)

W B AR v Ry Ry e
with

A = (A, +A; +A, 1A +A)

AL= (A A, +A 4A)

A= (A, +A +A)

Al = (A +A)

A(') = A,

Equation (31) can be written as:

2K A’ A’ A’ A’
EZ:&TI/E‘/y4+—%y3+—fy2+——tY+-—? (32)
t IR VR VRAY
and factored as
; 2K
i‘%:i—?)—l/iif(y,—y)(yz-y)(ya—y)(y,,—y) (33)

where y, y,, V3s ¥, are the zeros of the quartic in equation (32) from which

2K, VA"
:i,_l__idt
3

5| &

17



with

Q== V) ¥ =¥) (¥V3-9) (¥4 - ¥)

such that
Va>¥3>¥Y,>Y, > Y,
let
2K, /A,
v = +
3
2 - (Vg - ¥ (Y3 -¥,)
Vg -¥y) (¥Y3-Y))
2 (Y4 = y2) (yl - Y)
sn° u =
¥y -vy) - ¥)
2
g pun
Yy, - ¥,y) (V3 - ¥y)
and
¥i d
J 2= gF@ k) (34
, /Q

however one has

de

with

y dy Jyz dy J‘y dy
——=vor —+ =V
‘/a Yo /Q— y ‘/Q_

Yo

18




now let

80

and

now

or

772:1"}’2"'

(utv)=sn!(y,)-sn! (y)

sn(utv)=sn(sn!y,)-sn (sn7! (y))

sn(uiv):yz—y or y =y, - sn (utv)

_(snucnvdnv t snvenudnu)

2

y=y
2 1-k%?sn?usn?v

2:

y=e?=1-7 and 7?=1-y

snucnvdnv ¥ snvenudnu

1-k¥sn2usn?v

(35)

(36)

Once 7° is known, dg/dt, dh/dt and d£/dt can be integrated using »? as the

independent variable. For purposes of continuity with reference 3 one calls 7?2 =

ox then

]

J'x dx
*Loa-n A

0

19



+ G

Jx dx
B RN 1)

+ G dx
) -
Jx, VX Q(x)
+G [ dx
3
Jy, (1-%) VO
+G [~ dx
3
Jx, (x =% /)
CO R S
Jx, XVQ(X)
+G [ dx
° Ixo x? (x)
+G, f & : (37)
x, x3/Q(x) | 12K, /6
where
G, :[%+ 2(1-3V2)K1:|
G. = —CVZ 2 2 K-|
R R SRR
e
G, = - T* 2(1+3v2)K1]
G, =~ (1 - 3v2)
3 L

20




L2
G :2K2 v2 - 34 -2
5 L 1/2

_ 92K,
77 L
M = Lyt +<L, J dx
Xy (1 - X) 14 Q(X)
[ dx ) dx

+ L

+
X0
with
2 C
L = —K, - —
0 (’”3 1 3L)
L——[Kl(2-6V2) +£]
1 3 3L
K2 )
L2:—-3i'(7—67/)
71/2K2
L, =+ L
2!(_2 (1-—37/2)
L4:-
3L

21

x Q00 iy X2 /XQ

+ L, [ dx F—1
Jx, (1= %) V% Q%) 4K, /6



Ah = Hyt o+ HIJ &
by (X - ) /0

+ H, jx dx _ Jd dx
b =) VXA hy X /XA

with
HO = (-ng + 2K1 v)
2 Kl v Cv
Hl pung [ 3 (3V2 - S) +ﬁ,—]
4 K
Hy = - —
3vL
where

Q(x) = (x = %) (X = %) (x = x3) (x =~ x,)

The integrals needed are of two types:

I. Integrals involving ,/Q(x)

for 1. f dx
(1 -x) /0

and

5. f dx
(¥? - x) /QX)

see reference 5 page 102 # 251.39

22




Jd _ dt
y (P-t)"V/(a-t) (b-t) (c-t) (t-d)

g _ J“ (1-a?sn?u)" . _
(e-d)" J (1-a2 sn? u)™

with m = 1
see #340.01 page 205 reference 5

g

a2_(—d) [(a§ - a?) i(e, a2, k) +a? u]
3 \P-

with

n2u=@-9) @-1t)
@-d) (c- )

g= 2
/(a-c) (b-d)

2 _(p—c)(a—d)'
R YeErS R

a

1 f(@a-c)(d-y)

® = amu, = sin”
! (a-d) (c-vy)
«2=3"9 - F( K
a-—-o¢c

23



for

»

3.0 |9
J XV Q(X)

a0, [__dx
J x2 Vv Q(x)

5. f__d"_
x3/Q(x)

see reference 5 page 99 No. 251.04

fd dt i}
, t"V(a-t)(h-t)(c-t)(d-t)

g (1 (1 -a? snZu)"

E" 1 - a? sn? u)” du
0 2
m=1,2,3
with
2
2 _ Ca
I
p <1:a§ sn2u>
t =
1 -a2 sn?u
WIthm:l

see #340.01 page 205 reference 5

2 [@2-at 1@ a2 1) +a?u)
a
2

24




withm = 2

see #340.02 page 205 reference 5

g

4 42
a2d

[a4 u+2a? (@ -a?)V, + (a2 - a2)? Vz]

where
Vv, =Ti(o, a}, k)

#336.01 page 201 reference 5

1

V. =
2(a?-1) ?-

2

5 [zg E(u) + (k% - a?) u
2

+ (22 k¥ + 2aZ - af - 3k?) lI(9, a2 k)

2

_ 2
1 aj

u

a;snucnudnu
sn

#336.02 page 201 reference 5

withm = 3

see #340.03 page 205 reference 5

2 3
—%_ |abu+ 3a (@2 -a?) Vv, +3a? (@2 -a?)" V, + (a} - a?) Vs]
a$ d3 2
where
v, g E<2u+2(a§k2+a§-3k2)v,

-l @ |

25




OL; snu cnu dn
+ 3(a2—2a§k2—2a§+3k2)V2 +

2
(1 - o2 sn? u)

#336.03 page 201 reference 5.

II. Integrals involving v'x Q(x)

6. f dx
(1 -x) v/xQ(x)

7. J dx
(x - V2) vx Q(x)
8. P_‘E"___
J vVx Q(x)
0. [__9x
J xvV/x Q(x)

10. f__‘l’i___
x? /X Q(x)

For these integrals one fits, by the method of least squares, a polynomial
of degree 2 to the expression for x Q(x), (0 < x < x,). The procedure is

1. Map

Z=x(x=x) (x=x,)(x~x3) (X=X

into

26




Z=(y+@y) (y+3)(y+a;)(y+a,) (y+ag) a, =1

by using the transformation x =y +1with-1<y < -a

2. Assign y values such that

10.

I

1(1-e) .
.= ~1 1( ) <
y; ( + 10 ; 0L 1

3. Compute the normal matrix
11 a' Sy b Zy?c 22Z
Sy a' Zy?b Xydc' Sy Z
Zy2a' 2y3b' Zy"’c' ZyZZ

4. Solve this system for a‘, b' ¢'. These values are the coefficients of the
approximating least squares polynomial
a' +b’y +c’ y?
or

a+bx + cx?

with

o
"
-

[}

27




Set a + bx+cx? = X and one has that

10.

for 6 and 7.

dx

4

- dx
f(l—x) /xQx)  J (1 -x)/X

dx

U

:J dx
(x -2 /XOx) Jx-y /X

- J dx
x Q(x)

Use #195, 196 of reference 6 page 27

ifk+0

or

or

de = 1oy @k+Bv-2b VkX)

v/X /k

= S

t

v

-1 2k+,BV
an

2b" V/-kX

. -1 2k + By
in —————
b’ vv/-q
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<
il

(a' + b’ %)

bb' -2a’'¢c

>
i

k = ab’'?2-a’'bb’ +ca'?

qQ = 4 ac - b?
ifk =0
dx :-—2b' v X
Vv"i ﬁv

for 8 see #160, 161 of reference 6 page 23

if c>0 i:_:_l_.log VR4 x/E 4 P
VX /¢ 2 /c
2:"’7‘(
if c=0 f dx 22
v/? 2
if c <0 dx o b g1 [2ex+D
»’/Y v =C \/?(_1
L gjopt 20%6 D

vc Vq

for 9. See #182, 183 of reference 6 pages 25, 26.

( dx:_ 1
j x /X /a

rh
W
v

(o]

log

s

/X + /a
%

“+
L]
|o
w)

N



if a=20
if a< 0
or

for 10. See #186 of reference 6 page 26.

de

x2pff - ax

_—/‘X_ b

EJ‘X/Y'

dx

An example of the fitting procedure is as follows:

let

or

such that

and the normal matrix is

11a’
-10.34a’

9.73544a’

X, = .53 X3 = .23

X, = .31 x, = .12

a= 1 c = .69

= 47 d = 77

e = .88

= -1, -.988, -.976 - -
-10. 34b’ 9.73544c’
9.73544b"  -9.1810928¢c’
-9.1810928b’ 8.6722565¢’

30

- -.88

4.8922239 x 10°¢
-4.6383256 x 1074

4.4007739 x 107 ¢




it

whose solution gives as the approximate formula

Z ~ (178.02728 -378.:3508 y -199.80525 y2) 1074

or

Z ~ (.30355 +21.474220 x -199.80525 z2) 10°°

The original value of Z and those obtained by substitution in the approximating
“~rmula are plotted below.

c.e T o Q T ' ]
bt ©
o] X 1%
o i
a X x
otz
o ¢ N
04— X %
x O ORIGINAL VALUES B o
!
! X APPROXIMATING VALUESJ?
i 8
b
1}
(e]e] <')
; x
: 1 ! | | §
-1.000 -0.976 -0.952 -0.928 -0.904 - 0.880
y
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